Introduction
More than 1,250 species of sharks, rays, and chimaeras (Class Chondrichthyes; herein 'sharks') are found throughout the world's coastal seas, oceans, and some freshwater systems [1] . One of three classes of living fishes, sharks have persisted on Earth for at least 420 million years, such that they are one of the oldest extant radiations of vertebrate animals. The average shark species embodies five times more evolutionary distinctiveness than the average bird or three times more than the average mammal (Stein, R.W., Mull, C.G., Kuhn, T.S., Aschliman, N.C., Davidson, L.N.K., Joy, J.B., Smith, G.J., Dulvy, N.K., and Mooers, A.Ø., unpublished data). Sharks have evolved a wide range of morphological and mechanical features, including facultative parthenogenesis, embryonic diapause, bioluminescence, pockets, saws, hammers, stings, and electricity [2, 3] . The vertebrate brain bauplan was first laid down in sharks and the underlying scaling relationships of the different brain regions remain largely unchanged across vertebrates [4] .
Ecologically, sharks represent one of the largest radiations of predatory species, with many individuals and species occurring at or near the top of aquatic ecological pyramids. They connect through food webs and across habitats and ecosystems, aggregating, integrating, and transferring energy and spreading predation risk vertically, horizontally, and temporally across seascapes. The vertical integration role of sharks in trophic cascades is difficult to detect given the large spatial and temporal scale over which these predators exert their influence [5] [6] [7] . It is increasingly clear, however, that the reduction of shark populations can lead to predatory release and increases in smaller meso-predatory species [8, 9] . There is good evidence for at least one trophic cascade in Shark Bay, Australia, where the seasonal appearance of the top predator -the tiger shark -shifts the behavior of their dugong and green turtle prey to feeding in lower risk, but less productive, habitat [10] . The observation of large aggregations of sharks had led to suggestions that inverted pyramids may be the unexploited baseline ecosystem state [11] , but it seems that shark abundance had been overestimated in this instance [12] . Nevertheless, the local abundance of sharks can be high in remote locations due to temporal and spatial subsidy by feeding on spawning aggregations (of fishes from nearby pyramids) and also by wide-ranging foraging excursions to crop energy from nearby pyramids [7, 13] . It is increasingly clear that some individual sharks seasonally migrate vast distances, transiting and predating in widely distant and disparate ecosystems [14] .
Economically, the declared value of global shark fisheries is close to US $1 billion, composed of US $438.6 million for 17,154 tonnes of exported fins and US $379.8 million in total world imports of 121,641 tonnes of shark meat in 2011. This total does not account for the value of products consumed domestically, which comprises the vast majority of around 2 million tonnes of product captured annually, or other products [15] . The global shark tourism industry involves nearly 600,000 watchers and is valued at around US $314 million annually [16] . Tourism income is close to half of the estimated value of global shark fisheries, but the tourism value is often inflated [17] . Tourism focuses on few (18) shark species, while hundreds of species are landed by fishermen from at least 135 countries. The additional recreational value of those sharks taken in catch-and-release angling activity globally has not been reliably quantified, but it is likely to be significant [18] . Culturally, sharks have been iconic in a wide range of societies around the world, particularly to indigenous people [19, 20] .
Here we first delineate five key challenges to shark conservation and then chart our approach to determining priority species and fisheries. Finally, we describe the implications for conservation.
Current Conservation Challenges
Shark fisheries have long been important at local, regional, and international scales from social, cultural, and economic perspectives. Although often targeted, shark products have predominantly been the result of incidental capture in fisheries targeting other, more valuable, species. There are at least 135 nations reporting shark landings to the United Nations Food and Agriculture Organization (FAO). Sharks are taken by a wide variety of fisheries and fishing gears by sectors ranging from multinational industrial companies to artisanal fishers focused on feeding small communities. Global shark catch peaked around 2003 and has since decreased by approximately 20% [21] . The median population biomass of sharks captured by fisheries had declined by between 81 and 89% of unexploited levels since fishing began [22] . Consequently, a quarter of sharks are threatened with an elevated risk of extinction [23] , according to IUCN Red List Criteria (www.redlist.org).
Shark Fishing Mortality Is Exceptionally Under-Managed
For the most part, population depletion has been the result of the lack of fishing limits. There is a growing number of examples of shark population rebuilding and sustainable take in the relatively few places that have enforced science-based limits [24, 25] . Limits on shark fishing mortality remain largely inadequate at local, national, and international levels [21, 26] . Over the past two decades, international deliberations have sparked an increasing number of national commitments to conserve sharks. Follow-through, in terms of binding domestic regulations, however, remains seriously lacking [21, 27] . Moreover, when national measures are adopted, they are often insufficient (excessive quotas set higher than catches), piecemeal (area or seasonal closures without overall catch limits), and/or poorly enforced, thereby allowing excessive mortality.
Through the 1999 FAO International Plan of Action for Sharks, major shark fishing nations committed to produce their own National Plans of Action (NPOAs) by 2001. By 2011, however, only 13 of the top 20 shark fishing nations had done so [28] . Overall, only 28 nations have developed shark NPOAs. There are four Regional Plans of Action (covering 48 countries) that vary greatly in their quality and the degree to which they are actively implemented [26] . A recent management risk assessment conducted for 173 shark populations comprising 46 species found that 87% lacked sufficient management to stop population declines, and hence only 13% had management that may stop declines [27] . Many Species of Shark Pass through Multiple Jurisdictions Coastal countries have sovereign rights to their exclusive economic zone (EEZ), which generally extends out to 200 nautical miles, while access beyond that (to the 'high seas') is not controlled by any state (United Nations Convention of the Law of the Sea). Our analysis finds that the number of EEZ jurisdictions spanned by a shark species positively correlates with extinction risk (indexed as mean IUCN Red List Status of species of a given EEZ range; Spearman's rho = 0.604, p > 0.001; Figure S1 in Supplemental Information). We chose not to factor into our analysis the considerable additional complexity of the high seas. More than half of the shark species with geographical ranges spanning 20 or more countries have an elevated risk of extinction [23, 29] . To quantify the associated conservation challenge, we measured the complexity of a policy action as the number of taxonomic entities (species or subspecies) to be conserved multiplied by the number of jurisdictions (range countries), which revealed a wide range of results (for sharks). Twothirds of shark species are found within the waters of five or fewer countries, while one-third have ranges up to that of the blue shark, which spans the waters of 145 countries (as well as the high seas, which as mentioned are not considered in this calculation; Figure 1 ). Of the approximately 1,250 shark species, each is found in the waters of eight countries (on average), resulting in a conservation complexity index of at least 8,000, which is three orders of magnitude more complex than for traded terrestrial species (Figure 1 ). These comparisons need to be systematically conducted across a wider range of species, including marine mammals and other marine fishes, perhaps with the addition of a charisma factor [30] . Nevertheless, the complexities revealed just through this basic analysis suggest the conservation challenge facing sharks may be one of the greatest ever tackled. Multiple Shark Products Are Used Domestically and Traded Internationally Unlike most targets of fisheries, sharks yield a range of products. Meat and fins are two primary products. Shark meat is generally a cheap source of animal protein for both human consumption (fresh, salted or dried) and animal consumption (as fish meal) [27] . Most shark meat is consumed locally or domestically, but the volumes traded internationally are considerable. Shark fins are used as a key ingredient in a celebratory, usually expensive soup in Asia (and Asian cultures worldwide) and are sourced from only a subset of species (mostly larger true sharks, but also some rays) [15, 31] . The relatively high value of shark fins has driven the development of some shark fisheries as well as the retention of incidentally caught sharks in many others [32, 33] . Demand for shark fins has risen with consumer affluence, but has been recently curbed by increasing consumer awareness campaigns and international regulation [34] [35] [36] . Other less frequently used shark products include skin, liver oil, gill plates (from devil and manta rays), cartilage, and jaws/teeth [35] . Overall, many shark species are processed for several of their parts R566 Current Biology 27, R565-R572, June 5, 2017 Current Biology that are destined for different markets, and often imported and re-exported across complex, shifting, and largely unmonitored international trade networks around the world to customers that may know little about what they are consuming [15] . Beyond the use of products from dead sharks, live sharks are traded for display in public and private aquaria, but little is known of the volumes involved or their value. Because of the diversity of products derived from sharks and the changes in associated markets over time, multiple drivers of demand affect fishing practices. Sharks Contribute to Food Security in Poor and Developing Nations While shark meat, in some cases, provides a high value product (e.g. gummy shark in southern Australia, porbeagle in Europe, and skates in Korea), it is more often a cheap source of animal protein [15] . The low value stems from the relatively low quality of the product (due to high levels of urea) and the fact that it is often dried for non-perishable storage and transport [37] . While domestic catch and consumption is common, some countries rely heavily on imports and exports, e.g. Sri Lanka, Uruguay, Brazil, Peru, Indonesia, and India [15, 31] . According to FAO statistics, more than 90% of the world's reported shark catch is taken by 26 fishing nations (Figure 2 ), one-quarter of which (7/26) are among the least developed nations (with low or medium Human Development Index scores; Figure 2 ). Moreover, 40% of the reported global shark catch comes from seven of the major shark fishing nations with the lowest Human Development Indices, most of which border the Indian Ocean (Indonesia, India, Pakistan, Yemen, and Tanzania) and Eastern Atlantic Ocean (Nigeria and Senegal; Figure 2 ). Almost one-third (7/23) of the least developed fishing nations are also major exporters of fins to Hong Kong. Overlap in major shark fishing and trading nations in the least developed nations includes top shark 'producers' Indonesia, Yemen, and India, as well as South Africa, Namibia, and Mauritania ( Figure 2 ). Generally, it is costly to replace fishery losses in countries where seafood provides a high proportion of animal protein [38] . It is understandably difficult for governments in nations facing extreme poverty and food security crises to prioritize shark conservation, particularly when scientific advice for sustainable catch levels is lacking. Similarly, conservationists as well as governments of developed countries are understandably reluctant to press struggling governments for such actions. Financial and technical assistance from developed countries and aid organizations is generally regarded as a more effective and reasonable route to sustainability, yet associated programs need to be enhanced and given higher priority.
Over-Simplification Can Hinder Effective Shark Fisheries Management
The general tendency for sharks to grow more slowly, mature later, and produce fewer young than most fished species is fundamental to the appropriate elevation of their conservation priority and the prevention of population depletion. The fact remains, however, that life history characteristics vary widely across shark species, with many capable of supporting a significant level of fishing if such extraction (in all forms) is limited to science-based levels [24, 39, 40] . After more than two decades of expanding efforts to publicize sharks' inherent vulnerability, people appear to increasingly believe that sharks cannot withstand any fishing at all [18] . Similarly, there appears to be a trend toward blanket bans on fishing and trading, with a focus on shark fins [18, 41] . While complete bans are appropriate, and even long overdue with respect to species that are exceptionally threatened (like sawfishes) and exceptionally vulnerable (such as devil rays), in other cases the unequivocal messages and 'one size fits all' remedies may serve to hinder policies needed to curb fishing and ensure sustainability [18, 24] . Under a general perception that sustainable shark fishing is impossible, there is reduced support for the work necessary to formulate comprehensive fishery management policies that allow for sustainable take while addressing unintentional bycatch, and the need for population assessment [24] . Governments convinced that managing shark fishing is a losing proposition and/or publically unacceptable may opt for full protection, but may also shy away from attempting to set any limits at all. Those opting for blanket bans may be reluctant to admit and address significant incidental shark mortality and/or enforcement inadequacies. Bans on shark fin sale, in particular, can harm sustainable fishing operations without effecting a reduction in mortality [18] . Relatively abundant, commercially valuable, and/or charismatically challenged sharks often fall through the cracks and receive reduced attention when the arguments for complete bans are difficult to apply [30] . There is, at long last, a growing list of examples of successful shark fisheries management, particularly in the USA and Australia [24, 25] , but these lessons need to be accepted and exported if they are to serve as effective models for other countries. Overall, management programs need not be perfect to benefit shark populations, but a mix of strategies aligned to the characteristics of the shark and associated fisheries have the greatest chance to effectively balance current realities.
In particular, the global demand for shark fins and the associated practice of 'finning' (slicing off a shark's fins and discarding the carcass at sea) are widely portrayed as the greatest threats to sharks. This perception is not supported by scientific evidence. Bans on finning and/or shark fins are now in place in more than 40 countries [21, 26] . Prohibitions on at-sea shark fin removal are fundamental to effectively minimizing waste and fulfilling government commitments to prevent finning and can also facilitate much-needed improvements to species-specific shark catch data. Such actions can be taken in the absence of population assessments (that are often lacking), as a first step to shark fisheries management. Finning bans for the most part, however, do not (and were not generally intended to) significantly reduce shark mortality [42] . Almost all of the endangered shark species flagged here, with the exception of hammerheads, contribute relatively little to the global fin trade and instead are taken whole mainly as retained secondary catch.
With respect to broad-scale area closures, 29% of the total protected ocean area has been designated for shark conservation and, as of 2015, it is increasingly clear that these protections are neither appropriately enforced [43] nor appropriately located to prevent extinctions [44] .
Against this backdrop of challenges and very limited resources, we now outline our approach of determining priority species, fisheries, and hence geographical areas.
Determination of Conservation Action
Good alignment exists between fisheries status and IUCN Red List status for the 'A' decline criterion under which most exploited fishes are assessed. While fisheries scientists focus on classifying sustainability using target and limit reference points [41] , few sharks (65 populations of 47 species) have been subject to stock assessment [24] . IUCN Red List Assessments were recently completed for nearly all 1,088 shark, ray, and chimaera species [23] . The available meta-analyses strongly suggest that IUCN Red List Categories align surprisingly well with fisheries reference points [45, 46] , such that species that are undergoing declines sufficiently steep to qualify for Critically Endangered (CR) or Endangered (EN) status are likely to be unsustainably fished, whereas those undergoing shallower declines (e.g. Least Concern (LC), Near Threatened (NT) and some Vulnerable (VU)) are more likely to be sustainably fished ( Figure S2 ). Despite the difference in geographical and temporal scales, there is a surprising degree of harmony between the available fisheries population assessments and IUCN species assessments of sharks ( Figure S2 ). Importantly, sustainably fished species are very unlikely to meet the criteria for the endangered categories (i.e. EN or CR). Hence, IUCN Red List Categories work well to broadly differentiate between shark species that are likely being overfished and in need of urgent conservation action and those for which conservation attention is less immediate or not necessary.
Species and Populations Facing the Greatest Risk of Extinction in Urgent Need of Strict Protections
Sharks considered at the greatest risk of extinction include the 64 species and the 23 populations (of 10 species) that are 2 Eight deepwater mesopelagic sharks (e.g. cookiecutter sharks, Etmopterus spp.) are excluded from this group because they are currently classified as DD or LC, and they are currently eluding fisheries and other anthropogenic impacts.
R568 Current Biology 27, R565-R572, June 5, 2017 Current Biology globally classified into one of the two endangered categories -CR and EN (Table 1) . Almost without exception, these sharks are mainly retained incidental catch taken in largely unregulated fishing operations in coastal and continental seas. There are four shark families with a disproportionately large fraction of threatened species (43 of 75): sawfishes (5/5), angel sharks (11/19), guitarfishes (21/45), and wedgefishes (6/6). Hence, at a minimum, 64 species are likely to warrant strict protections. (We note that the broad geographical distribution of many of these species results in varying national or regional status, revealing the need to tailor local strategies accordingly.) The most endangered shark species/families, as well as the most Data Deficient (DD) species, are found in the marine and freshwater environments of 31 countries through the Americas, West and Southeast Africa, and Southeast Asia ( Figure 3A) . While not included in our list, we caution that species with very low intrinsic biological productivity are also priorities for assessment and potentially strict protection. Examples include those pelagic rays and deepwater sharks with very low annual reproductive output (<1 female pup per year) [39, 47] .
Freshwater sharks and rays are highly sensitive in the face of a multitude of threats. There are 32 obligate freshwater sharks, and a further 68 facultative or euryhaline species (Table 1) . Their threat status is exacerbated by high habitat specificity, very small geographical ranges and a paucity of data. The principal threats come from concentrated fishing (for food and the aquarium trade), habitat degradation from human development, habitat fragmentation from construction of barriers, water extraction, pollution, and climate change [48, 49] . Species That Could Be Managed for Sustainability The 399 species assessed as LC and NT are those that are likely most suitable for supporting sustainable fisheries, provided that science-based limits on catch and discard can be determined and effectively implemented [23] . Furthermore, some of the 115 sharks listed as VU may also be experiencing sustainable levels of fishing at present, and/or may have recovered to healthy population levels due to reductions in fishing pressure ( Figures 3B and S2 , and Table 1 ). Notwithstanding the paucity of species-specific catch data, we identified seven taxonomic groups likely to benefit the most from improved management (Tables 2 and  S2 ). The highest ranked species in terms of management need were the epipelagic sharks taken in high-seas fisheries [24] . Coastal, tropical species (requiem sharks and stingrays) and temperate species (smoothhounds and skates) are also designated as priorities because, although their life history characteristics are relatively suited to withstanding fisheries, the amount of unregulated and undocumented fishing is substantial.
With respect to these issues, the countries with the greatest need for fisheries management improvements are India and Yemen, followed by Japan, Brazil, Indonesia, and Mexico ( Figure 3B ). The highest priority regions are Southeast Asia, North and South America, West and East Africa, and Oceania. The regions with the most work to do in terms of data reporting include the Indian Ocean-bordering regions of Southeast Asia and East Africa, as well as West Africa.
Determination of Conservation Likelihood and Priority Countries
We examined shark conservation need with respect to national conservation likelihood scores and landings (Figure 4) . Here, shark conservation need was defined as the number of threatened (CR, EN, VU), DD and freshwater species in each country's EEZ. In general, not surprisingly, the greatest concern is for Current Biology 27, R565-R572, June 5, 2017 R569 Current Biology countries with a low likelihood of taking conservation action despite high fisheries landings, notably the greatest shark fishing nations -India and Indonesia (Figure 4 , top left), compared with countries with high conservation likelihood and relatively low fishing pressure (Figure 4 , bottom right). More than half of the countries (16/28) with the highest number (R11) of CR or EN sharks have low conservation likelihood and high shark landings ( Figure 4 , top left). These countries require a steep increase in aid relief and reorganization to underpin and improve the likelihood of conservation and sustainable fisheries outcomes. Of the six countries with a high number of CR and EN species and high conservation likelihood scores, most are among the world's top shark fishing countries and will need to focus on adapting and transforming shark fisheries to improve the conservation status of these species. These country priorities, say, for avoiding extinctions (red points, Figure 4 ), are very different from those determined solely on the basis of fin trade or shark and ray landings (Figure 2 ) or fisheries priority countries ( Figure 3 and Table S3 ).
Conclusions
There has been a tendency in shark conservation to address only some species and challenges and to focus on 'silver bullet' solutions [18, 24] . The complexity of threats facing these species combined with their evolutionary and ecological diversity, however, defies simple solutions. Instead, effective shark conservation requires specific diagnosis of problems and development of solutions for species, fisheries, and geographical areas. Such Table 2 . Seven priority shark fisheries groupings derived from the main species or species groupings (also see Table S2 ). Conservation value is represented by the combination of the number of CR, EN, VU, DD, and freshwater species per country (radius of each point) and the number of endangered (CR, EN) species (point colour) within that country's national waters. Fisheries catch is that reported to the FAO (averaged over . Conservation and management action is more feasible in countries with relatively higher conservation likelihood scores (quadrants on the right): quadrants are delimited by the median index scores. Four quadrants are defined by the median of conservation likelihood score and median of FAO shark and ray landings. The quadrants are shaded (see legend) to reflect the broad conservation and development needs of countries, clockwise from top left (1) low conservation likelihood yet high fisheries pressure requiring 'relief and reorganisation', (2) high conservation likelihood and high fishing pressure requiring 'adapt and transform', (3) high conservation likelihood and low fishing pressure requiring 'protect and preserve' strategy, and (4) low conservation likelihood and low fishing pressure requiring a conservation 'capacity building' strategy. The countries with the greatest number (i.e. 11-16 species, red dots) of Endangered and Critically Endangered species are named.
R570 Current Biology 27, R565-R572, June 5, 2017 Current Biology programs require huge investment in terms of people and money. Given the number of people and organizations that work in elephant conservation (which has a conservation complexity score of 74-111; Figure 1 ), the workforce required to conserve sharks (with a score of over 8,000) needs to expand considerably. While much human capacity exists in governments and non-governmental organizations around the world, there remains an urgent need for the expansion of pathways and resources to train additional personnel, coordinate actions where appropriate, and generally accelerate measurable success. Such initiatives are urgently needed, particularly in the least developed countries of the world, to ensure that both shark conservation and food security concerns are addressed.
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